Abstract: A type 1 reaction or reversal reaction is expressed clinically by inflammatory exacerbation of the skin lesions and nerve trunks, consequently leading to sensory and motor alterations. It occurs in non-polar forms of leprosy, although it can occur in a small percentage of sub-polar LL treated patients. Disabilities, deformities and morbidity, still present in leprosy, are mainly caused by these acute episodes. The recognition of reactional states is imperative for an early approach and efficient management, to avoid the emergence of disabilities that stigmatize the disease. This review aims to describe the clinical aspects, immunopathogenesis, epidemiology, histopathological features and therapeutics of type 1 reactions. Keywords: Erythema nodosum; Leprosy; Leprosy, multibacillary; Leprosy, paucibacillary; Mycobacterium leprae
INTRODUCTION
Leprosy reactions are regarded as acute or subacute episodes, characterized by cutaneous and systemic involvement, caused by changes in the status of patients' immune responses. Around 20-50% of all leprosy patients present reactional states during the course of the disease, which occur most frequently after the start of polychemotherapy. However, reactions can happen before or after treatment.
1,2 Physical disabilities, deformities and morbidity, still present in leprosy, are caused mainly by these episodes. 3, 4 Leprosy reactions are divided into type 1 reaction (or reversal reaction, RR), and type 2 reaction (or erythema nodosum leprosum, ENL).
Type 1 reactions result from the activation of cell immunity, expressed clinically by exacerbation of skin and nerve trunk inflammation, leading to sensory and motor alterations. Type 2 reactions are acute inflammatory reactions with systemic involvement, entailing the activation of pro-inflammatory cytokines, such as TNF, IL-1, IL-6 and IL-8. In recent years, studies have suggested that cellular immune response is also a factor in triggering ENL episodes. In general, this type of reaction affects other organs, in addition to skin, and coexists with systemic symptoms. There is a third type of reaction called neuritis, affecting the peripheral nerves, characterized by sudden pain or palpation of peripheral nerves, with or without thickening of nerve trunks. 5, 6 Table 1 shows the relationships between the clinical forms of leprosy and the main types of reactional episode that occur.
REVERSAL REACTION
Type 1 reactions (reversal reactions) occur in the non-polar forms of leprosy and feature mainly in the BT, BB and BL forms, though they can occur in a small number of LL treated patients. 1, 5, 6 It is widely accepted that type 1 reactions are associated with the activation of cellular immunity against M. leprae antigens, causing inflammation in the skin and nerves. 5, 6, 7 
IMMUNOPATHOGENESIS
Many authors have studied the immunological and molecular aspects of reversal reactions but no conclusive mediator or specific molecular diagnostic test has been found that could identify patients with the highest risks of reactional episodes. 8, 9, 10 As Roche et al (1991) have noted, it is not clear what factors trigger type 1 reactions, but the combination of positive serology for PGL-1 and positive Mitsuda identifies groups at greater risk of RR.
11 The increase in immune response to mycobacterian antigens during reversal reactions confirms previous observations from the positive lepromin test, regarding previously negative, sick individuals.
12
Unfortunately, the activation of macrophages, with the resulting destruction of bacteria, can cause irreversible nerve damage, thus aggravating sensory and motor alterations.
13
A recent study demonstrated a predominance of the pattern Th-1 (IL-1β, TNF, IL-2, IFN-g) in RR lesions, over the pattern Th-2 (IL-4, IL-5 e IL-10), which predominates in multibacillary leprosy.
14 High levels of TNF-α, soluble IL-2 receptor and adhesion molecules also reflect the intensity of local inflammation. 15, 16 Increased expression of TNF-α mRNA in peripheral nerves and skin of patients with the borderline form, was observed in type 1 reactions.
17
It seems that reversal reactions can be mediated through Th1 lymphocytes, and cells of reactional lesions express the pro-inflammatory cytokines interferon-gamma (IFN-γ), interleukin 12 (IL-12), and oxygen free radicals. 18, 19 Nevertheless, it is not yet known what antigens are involved in RR. It has been demonstrated that macrophages can initiate the neural inflammatory process, even when no M. leprae is detected in the neural tissue. Some authors noticed in vitro that T cells that react to M. leprae also react to Schwann cell components. 5 Barnetson et al. (1976) showed that, although the immunological mechanism is the same, lymphocytes of patients with reversal reactions who only present neuritis, responded to cytoplasmic antigens hidden inside the Schwann cells, whereas in RR cutaneous lesions, superficial antigens were more important.
20
RR episodes occur mainly during the first six months of polychemotherapy. Isolated neuritis is prevalent in the first 12 months of treatment. However, as noted above, an RR episode can be the initial manifestation of leprosy and warrants careful examination, in order to discover signs of neural impairment that could evolve into physical disabilities and deformities.
EPIDEMIOLOGY
The epidemiology of reversal reactions has been studied, along with the risk factors, in order to promote early medical intervention or prevent their occurrence, given that RRs are considered one of the main causes of most deformities and physical disbailities that are still present in leprosy. 21, 22 The clinical form has been considered a risk factor and BB and BL patients are at greater risk of RRs than BT patients. 23 In Brazil, Nery et al. (1998) , in a study of multibacillary patients in RRs, found that 59.5% were BL patients, 33.4% were BB, and 7.1% were LL.
24
RR episodes generally happen in the first six months of polychemotherapy, particularly in "borderline tuberculoid" and "borderline borderline" patients, but longer intervals are seen in "borderline lepromatous" patients. 25, 26 The duration of episodes varies and depends on the clinical form. It can be 3-9 months in BT patients, far longer in BL patients (15 months), and up to two years in LL patients. 26 The recurrence of reversal reactions becomes a clinical and therapeutic problem, especially when they happen after treatment. RRs tend to recur less than ENL and studies have confirmed that approximately 33% of patients experience recurrence of reactional leprosy episodes after polychemotherapy.
27,28
The risk of type 1 reactions is increasing due to several factors, such as vaccination, chemotherapy and puerperium, since there are factors such as: improvement in cell immunity after pregnancy; intercurrent infections; stress; trauma; use of oral contraceptives, among others. 29, 30 The extent of skin lesions has been identified as an important risk factor for reversal reactions, when examining paucibacillary and multibacillary patients together. VanBrakel and Khawas (1994) have demonstrated that patients with three or more affected body segments are 10 times more likely to experience RRs, as well as the occurrence of neural damage.
31 Involvement of the face also seems to be a risk factor, as much for RRs as for the development of lagophthalmus.
27,32 Nery et al. (1998) , in studying multibacillary patients (BB, BL and LL), demonstrated that ENL was predominant among patients with IB> 3, while RR was predominant among those with IB <3.
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Clinical aspects
RRs are characterized clinically by increased inflammation of pre-existing lesions. Cutaneous lesions that have already shown signs of regression after the start of treatment or lesions in the form of hypochromic macules, become red and edematous, squamous and can even ulcerate, though this is rare. New lesions with the same inflammatory characteristic can appear, as figure 1 illustrates. Edema of the extremities or face can be present, appearing by itself or with other lesions, particularly in BL patients. 33 Sometimes, edema of the hands and feet are key symptoms of reversal reactions. Nerves can thicken and feel painful, and signs of worsening of a prior peripheral neuropathy (sensory, motor or autonomic) can emerge. Patients can experience a burning sensation in skin lesions, pain in the extremities or on the face, together with a decrease in muscular sensitivity and strength. 34 The most affected nerves are: the ulnar, median, posterior tibial, common fibular, radial and facial, nerves. Patients can present neural dysfunction, which can manifest as anesthesia, facial paralysis, claw hand or footdrop. 26 Increased sensitivity in palmar and plantar regions of the feet is also frequent, as well as diffuse nerve damage.
35 Systemic symptoms, though uncommon, can also emerge, representing a serious clinical condition, with malaise, fever, bone pain, increase of lymph nodes volume, arthralgia and generalized edema. 5, 6 FIGURE 1: Several clinical aspects of reversal reaction. A: Erythematous, infiltrated, edematous plaques of various sizes, with well-defined edges, situated on the right arm. Some lesions indicate central flaking. B: Erythematous plaques of various sizes, with infiltrated edges, sparing the central region, situated on the anterior trunk. C: Small papules and plaques that appeared suddenly. They are erythematous, infiltrated, with a shiny surface, on the right arm. D: Large erythematous plaque with an edematous appearance, irregular and well-defined edges, revealing small papules and satellite plaques, situated on the anterior surface of the upper member. E: Erythematous plaques with infiltrated, well-defined edges, situated on the face. The patient also presented labial and nasal edema. (1996) reported macular lesions in multibacillary patients after discharge, called postdischarge macular reversal reaction, which can be addressed quickly using corticosteroids.
36
Neural impairment is important in the clinical context of RRs and it is considered the leading cause of disabilities and deformities. In accordance with Pearson and Ross (1975) , nerve damage results from immune response in hosts to the presence of M. leprae antigenic derivatives inside the nerve.
37 As Job & Caminho have noted (1989) , nerve damage happens during reactional episodes, due to increased intraneural pressure caused by nerve inflammation and intraneural, vascular alterations. 38 Episodes of neuritis can be very serious, sometimes insidious, or even painless (silent neuritis).
26 Britton (1998) suggested loss of motor or sensory function in the absence of painful neuritis as a characteristic of reversal reactions.
Silent neuritis, defined as sensory or motor dysfunction without the appearance of cutaneous lesions from reversal reactions or ENL, and without thickening, dormancy, pain or other neurological complaints, is a significant problem for diagnosis and, in these cases, nerve damage is only detected via repeated sensory-motor tests or electromyography. demonstrated that patients suffering more extensively from the disease, with a greater number of affected nerve trunks, face higher risks of developing silent neuritis.
39
HISTOPATHOLOGY
As explained by Ridley (1969) , RRs are characterized histopathologically by an influx of mononuclear phagocytes with epithelioid differentiation, rarely forming typical granulomas. The infiltration of lymphocytes was also noted. Edema is a constant characteristic inside and around granulomas, leading to distortion of surrounding tissue and nerves. 40 The cytology of pre-existing granulomas is modified by a greater differentiation of epithelioid cells, reducing the number of bacilli. There can be Langhans type giant cells, forming granulomas with characteristics of retarded hypersensitivity (Figure 2 ). When reactions are intense, foci of necrosis can be seen. Inflammatory cells often invade the epidermis and there is an increase in neural destruction.
41 By analyzing RR lesions before and after treatment with corticosteroids, Alvarenga (1995) demonstrated that epithelioid and giant cells tend to disappear after treatment, involving significant regression of the inflammatory infiltrate during the acute beginning of RR.
TREATMENT
Treatment for RR aims to suppress the cellular immune response. Early diagnosis and the initiation of the anti-inflammatory therapeutic are essential in order to avoid possible nerve damage. The identification of risk factors is useful since it leads to a more attentive monitoring of patients, allowing for earlier treatment. Importantly, polychemotherapy should be continued throughout the reactional episode, whether it be RR or ENL.
Corticosteroids are the most efficient drugs used for RRs. In 1952, Lowe produced the first report on steroids for leprosy, showing that a 5-day course of cortisone was beneficial in acute manifestations of the disease, including acute neuritis.
42 Naafs et al. (1979) were the first to associate immunosuppressive effects with improvement in reactional states. 43 In cases of continual use, the dose and treatment duration for the steroid should be adjusted according to clinical response.
Corticosteroids encourage reduction in vascular permeability and vasodilation through inhibition of mediators, such as metabolites from arachidonic acid (prostaglandins) and inhibition of the liberation of platelet-activating factor (PAF), vasoactive amines, neuropeptides, Il-1, TNF and nitric oxide. 44 One of the most notable effects of glucocorticoids is the capacity to inhibit the activation of neutrophils and eosinophils, reducing the adherence of these cells through endothelial cells, preventing the migration of polymorphonuclear cells to the area with tissue inflammation. Glucocorticoids also induce: i) inhibition of the phagocytic capacity and production of oxygen free radicals (burst cells); ii) reduction in the number of eosinophils circulating in peripheral blood (causing, at the same time, rough granulation in polymorphonuclear neutrophils); iii) inhibition of tissue Clinically, corticosteroids change the course of RRs in various ways. They reduce intraneural and cutaneous edema, leading to quick improvement of symptoms, and they reduce post-inflammatory scarring. 45 Their main effect is the suppression of the inflammatory immune response to M.leprae antigens in skin and nerves, probably through interference with the activation of immune cellular response. For these reasons, immunosuppressive doses of corticosteroids should be maintained for a long period of time. 46 Rose and Waters (1991), and Naafs (1996) , recommended an initial dose of 40mg of prednisone, which was sufficient to control most type 1 reactions. However, patients with neural involvement need higher doses, corresponding to 1mg/kg (60mg) and sometimes even higher (2mg/kg).
26,45
The prednisone dose should only be reduced following evidence of clinical improvement and upon reaching the dose of 20mg/day. It should be maintained for a long period of time until there is clinical regression and complete recovery of neural functions, when this is the case. 47 General improvement can happen within three months or take over six months. Pulsotherapy with endovenous methylprednisolone has been employed to facilitate the withdrawl of oral corticosteroids used to control reactional states; the objective is to reduce the side effects and period of morbidity. Indications for pulsotherapy include serious reversal reactions (or reactions that are difficult to control) and acute or chronic cases of neuritis that have already undergone prolonged oral therapy with corticosteroids. The dose is 1g of endovenous methylprednisolone, taken as a single daily dose for three days in the first week, followed by 1g, taken as a single weekly dose for four consecutive weeks, and followed by 1g, taken as a single monthly dose for four consecutive months. In between pulsotherapy cycles, a dose of 0.5mg/kg/day of prednisone is administered.
47
Immunosuppressants such as azathioprine and cyclosporine A can be used in association (or not) with corticosteroids.
48
Surgery for decompression of the epineurium is limited and is only recommended in exceptional cases for patients who feel persistent pain after treatment with corticosteroids. Some studies have shown benefits of the surgery in relation to steroids for special cases like nerve abscesses or patients with the TT or BT forms, with neural pain that cannot be treated with immunosuppressants (Britton, 1998) . 49 For the purposes of treating reversal reactions, in accordance with advice from the Brazilian Ministry of Health, prednisone is recommended in the dose of 1-2mg/kg/day until there is clinical improvement, followed by fixed intervals. 50 In cases of clinical worsening, the dose should return to the previous amount. The right dose and reduction of prednisone should be individualized and based on monitoring of sensory functions, via a monofilament test and motor examination (VanBrakel & Khaw, 1996) . As regards the duration of treatment, it is generally: 4-9 months for BT patients; 6-9 months for BB patients; and 6-18 months for BL patients, though it can be up to 24 months or more (Rose & Waters, 1991) . A variety of factors influences response to steroids and the extent of nerve damage, and early initiation of treatment is the most important. Patients with recent neural lesions (less than 6 months in duration) respond better than those who undergo therapy at a later stage (Becx-Bleumink & Berhe, 1992) . q
